Half of all twins are born prematurely, and therefore twins more often than singletons experience cardiopulmonary problems such as respiratory distress syndrome and patent ductus arteriosus. In addition, previous smaller studies indicate that congenital heart defects generally may be more common in monochorionic twins (who are all monozygotic) than in dichorionic twins and singletons. We investigated congenital heart defect occurrence in all twins and 5% of all singletons born in Denmark in 1977 to 2001. Among 41 525 twin individuals, 1.4% had congenital heart defects, whereas the corresponding number for singletons was 0.87%. Patent ductus arteriosus and coarctation of the aorta occurred >3 times as often in twins as in singletons. The increased occurrence in twins was also found in sensitivity analyses including only inpatients or only
Uteroplacental Blood Flow, Cardiac Function, and Pregnancy Outcome in Women With Congenital Heart Disease
Summary-Women with congenital heart disease (CHD) are not only at risk of maternal cardiovascular complications during their pregnancies, but they also have an increased risk of obstetric and offspring complications. Offspring complications such as small for gestational age and premature birth are related to maternal cardiac function, but the mechanism underlying this relationship is unknown. In this clinical study, in 209 pregnant women with CHD and 70 healthy women, we demonstrated that uteroplacental Doppler flow parameters (uterine and umbilical artery pulsatility and resistance indices) are worse in pregnant women with CHD than in healthy women and are related to maternal cardiovascular function parameters, such as right ventricular function, valvular regurgitation, heart rate, and prepregnancy need for cardiac medication. Uteroplacental flow parameters were related to offspring outcome, as is also known in the general pregnant population. Therefore, we concluded that in women with CHD, uteroplacental flow may be compromised by maternal cardiac dysfunction and that impaired uteroplacental flow may be a key factor in the high incidence of obstetric and offspring complications. Our study improves the understanding of the pathophysiology of offspring events in women with CHD and may also contribute to a better insight into the pathophysiology of offspring complications in the general population. The results of this study are of importance for counseling of women with CHD who are contemplating pregnancy and will improve risk stratification leading to more adequate monitoring of pregnancies in these women.
Conclusions-UDF parameters are abnormal in pregnant women with CHD. Cardiovascular function is associated with an abnormal pattern of UDF. Compromised UDF may be a key factor in the high incidence of offspring and obstetric complications in this population. 1
Physiological and Phenotypic Characteristics of Late Survivors of Tetralogy of Fallot Repair Who Are Free From Pulmonary Valve Replacement
Summary-This article provides an account of the long-term survival (>45 years of follow-up) of a large, complete, consecutive cohort of patients with repaired tetralogy of Fallot from a single UK institution. Using the functionality of a unique identifier, the National Health Service number, we were able to locate patients lost to follow-up and to establish whether they were still alive. Their detailed survival data were compared with the age-and sex-matched normal population. Collaboration with specialist centers dealing with adult congenital heart disease nationally provided corresponding incidence data relating to the changing prevalence over time of secondary pulmonary valve replacement after Fallot repair. In the second part of the study, a subset of patients were chosen at random to represent those free from subsequent pulmonary valve replacement. These patients of all ages were assessed thoroughly with conventional noninvasive imaging and functional modalities to characterize their cardiac morphology and function. The currently published literature focuses primarily on patients who need reintervention, and less is formally documented about those who are "well." We also hoped to identify those characteristics that would suggest that the initial surgical repair has proved definitive, that is, patients with normal exercise capacity who are still free from pulmonary valve replacement at 35 years of age. The morphological characteristics of these patients with what seems to be an ideal outcome may serve as guide for today's surgeons and provide a good substrate for further longitudinal studies.
Conclusions-An important proportion of patients require PVR late after tetralogy of Fallot repair. Patients surviving to 35 years of age without PVR and with a normal exercise capacity may have had a definitive primary repair; their right ventricular outflow tracts are characterized by mild residual obstruction and pulmonary annulus diameter <0.5z. 2 surgically treated cases regardless of whether preterm patent ductus arteriosus was included. We were not able to demonstrate a higher risk for congenital heart defects among monozygotic twins compared with dizygotic twins, and the congenital heart defect occurrence was also increased in dizygotic twins, who were all dichorionic. Our study shows that congenital heart defect is more common in twins than in singletons, and the increased occurrence is not restricted to monochorionic twins. Intrauterine surveillance and a postnatal comprehensive cardiac assessment for both twins may be considered regardless of chorionicity and zygosity.
Conclusions-Congenital heart defect is more common in twins than in singletons, and the increased occurrence is not restricted to monochorionic twins. Intrauterine surveillance and a postnatal comprehensive cardiac assessment for both twins may be considered regardless of chorionicity and zygosity. 3
Intervention for Recoarctation in the Single Ventricle Reconstruction Trial: Incidence, Risk, and Outcomes
Summary-Children born with the hypoplastic left heart syndrome and related single right ventricle anomalies suffer from significant morbidities and high mortality rates. Residual or recurrent recoarctation of the aorta is an important contributor to morbidity and may increase mortality. We performed a retrospective cohort study using data collected from the Single Ventricle Reconstruction trial to describe the incidence and timing of intervention for recoarctation, factors that predict intervention, and the impact of recoarctation with intervention on morbidity and mortality. We found that recoarctation intervention is common, with an incidence at 1, 3, 6, and 12 months of 0%, 3%, 16%, and 23%, respectively. This varies widely by center (from 0-50 interventions per 100 patient-years) and often occurs relatively late in the interstage course. By multivariable analysis, factors associated with recoarctation intervention included the peak echocardiographic arch gradient at Norwood discharge and receipt of a right ventricle-to-pulmonary artery shunt. However, when modeling was repeated using the assigned shunt type (intention to treat), there was no longer a significant association, perhaps implicating factors associated with shunt crossover or a potential survivor bias. Recoarctation with intervention was associated with comorbidities assessed before stage II surgery, including higher pulmonary vascular resistance and increased echocardiographic right ventricular chamber dimensions. Recoarctation with intervention was not associated with decreased 12-month transplantation-free survival. Thus, intervention for recoarctation is relatively common but may be difficult to predict early in the clinical course. Although recoarctation contributes to morbidities, with intervention, 12-month outcomes were not affected.
Conclusions-Recoarctation is common after Norwood and contributes to pre-stage II comorbidities. Although with intervention there is no associated increase in 1-year transplantation/mortality, further evaluation is warranted to evaluate the effects of associated morbidities. 4
Association Between Maternal Chronic Conditions and Congenital Heart Defects: A Population-Based Cohort Study
Summary-This Canadian study attempted to quantify the association between maternal medical conditions/illnesses and congenital heart defects (CHDs) among infants. The analysis was based on a large population-based cohort of 2 278 838 mother-infant pairs, including infants with CHDs diagnosed at birth or at rehospitalization any time in infancy. 6% of the CHD cases could be attributed to multifetal pregnancy and maternal age ≥35 years, respectively, at the population level. As a whole, 14% of those CHD cases could be prevented if the above-mentioned risk factors were eliminated from the population. Understanding these relationships and probable causes may provide an opportunity to promote preconception health and primary prevention and help to facilitate targeted screening for lethal and very severe heart defects.
Conclusions-Several chronic maternal medical conditions, including diabetes mellitus, hypertension, connective tissue disorders, and congenital heart disease, confer an increased risk of CHD in the offspring. 5
Multi-Institutional Study of Implantable Defibrillator Lead Performance in Children and Young Adults: Results of the Pediatric Lead Extractability and Survival Evaluation (PLEASE) Study
Summary-This is a prospective multicenter study of 848 pediatric and congenital patients undergoing implantable cardioverterdefibrillator placement. The overall prevalence of implantable cardioverter-defibrillator lead failure was 14%. In particular, Sprint Fidelis leads showed a 9.2% yearly failure rate, 4-fold higher than that of all other leads in the study and significantly higher than published Fidelis lead failure rates in adult patients. This higher failure rate highlights the biophysical difference between pediatric and adult patients and raises caution about the cross-applicability of lead performance data between different age groups. Young age at implantation was also found to be associated with lead failure, showing an incremental risk in the <12-year-old and <8-year-old groups. Young age at implantation is a potentially modifiable clinical variable, and route of implantation should be considered when a young patient is evaluated for implantable cardioverter-defibrillator placement. Lead extraction was performed in the great majority of failed leads. Older lead age was identified as a risk factor for requiring a technically advanced extraction technique, and major procedural complications were relatively common. The findings in this study emphasize the high risk of lead failure in pediatric patients with an augmented risk in recalled thin leads such as Fidelis. The compounded lifetime morbidity from implantable cardioverter-defibrillator system failures in pediatric patients has critical implications and remains a major concern.
Conclusions-This study demonstrates that ICD leads in children and congenital heart disease patients have an age-related suboptimal performance, further compounded by a high failure rate of Fidelis leads. Advanced extraction techniques were common and correlated with older lead age. 6
Surgical Outcome of Discrete Subaortic Stenosis in Adults: A Multicenter Study
Summary-Discrete subaortic stenosis is a narrowing of the left ventricular outflow tract just beneath the aortic valve. In childhood, discrete subaortic stenosis is known for its unpredictable and sometimes rapid hemodynamic progression. Furthermore, aortic regurgitation is present in 30% to 80% of patients. Because reoperation rates have been reported to be high (8% to 34%), there is ongoing debate about the timing of surgical intervention and type of surgery. This is the first large study to evaluate the surgical outcome in adult patients. In contrast to children, the left ventricular outflow tract gradients in adults progress slowly. Mild aortic regurgitation is common but nonprogressive over time in the majority of patients. Patients with a preoperative peak left ventricular outflow tract gradient ≥80 mm Hg, however, are at risk for progression to moderate aortic regurgitation. Survival after surgery for discrete subaortic stenosis is excellent, with survival rates comparable to those of the normal population. The reoperation rate in young adult patients, however, is high (2%/y). Given the excellent survival in this young patient population, most patients face a reoperation for recurrent discrete subaortic stenosis throughout their lifetime. Additional myectomy does not reduce the risk for reoperation but significantly increases the risk of a complete heart block requiring pacemaker implantation. Therefore, myectomy should not be performed routinely.
Conclusions-Survival is excellent after surgery for discrete subaortic stenosis; however, reoperation for recurrent discrete subaortic stenosis is not uncommon. Over time, the left ventricular outflow tract gradient slowly increases and mild aortic regurgitation is common, although generally nonprogressive over time. Myectomy does not show additional advantages, and because it is associated with an increased risk of complete heart block, it should not be performed routinely. 7
New White Matter Brain Injury After Infant Heart Surgery Is Associated With Diagnostic Group and the Use of Circulatory Arrest
Summary-This study investigates the nature, timing, and consequences of brain injury on MRI scan in a cohort of young infants undergoing surgery both with and without cardiopulmonary bypass. We confirmed the findings of previous studies that white matter injury (WMI) is the most prevalent abnormality. WMI before surgery was significantly associated with a less mature brain but not with diagnostic group. The study has revealed some important new findings. First, new WMI after surgery occurred at the same rate in infants undergoing surgery without cardiopulmonary bypass as in those having cardiopulmonary bypass. Second, new WMI was significantly associated with diagnostic group and, in infants having arch surgery, the use of deep hypothermic circulatory arrest. Third, WMI was also associated with a less mature brain and the presence of WMI before surgery. Finally, impaired neurodevelopment at 2 years of age was significantly associated with a less mature brain but not with WMI. This is the first study to include infants having surgery without cardiopulmonary bypass and to investigate the relationship between neurodevelopment and both WMI and brain maturity. The results highlight the potential importance of impaired antenatal brain development on neurodevelopment and on WMI both before and after surgery. The findings suggest that avoiding the use of cardiopulmonary bypass, when that is an option, does not necessarily have benefits in terms of reduced brain injury. They also support the need for a randomized, controlled trial to investigate whether avoidance of deep hypothermic circulatory arrest might be associated with less WMI and improved neurodevelopment.
Conclusions-New WMI is common after surgery for congenital heart disease and occurs at the same rate in infants undergoing surgery with and without cardiopulmonary bypass. New WMI is associated with diagnostic group and, in infants undergoing arch surgery, the use of circulatory arrest. 8
Abnormal Lung Function in Adults With Congenital Heart Disease: Prevalence, Relation to Cardiac Anatomy, and Association With Survival
Summary-Reduced forced vital capacity is prevalent among adult patients with congenital heart disease. Its severity relates to complexity of the underlying congenital heart defect and to past cardiac surgical history. Despite the heterogeneity of adult congenital heart disease, moderate to severe impairment of lung function was an independent predictor of mortality in our study, with a 1.6-fold increased risk of death in the medium term. We submit that lung function assessed by conventional spirometry, a simple and widely available test to measure lung flows, should be used as an adjunct to assess prognosis in this challenging patient population and that, when more than mild impairment of lung function is present, appropriate action should be taken. Whether a proactive treatment of lung disease and/or concomitant skeletal abnormalities alter prognosis remains speculative, but physicians need to be aware of respiratory and/or orthopedic complications and to be proactive in relevant aspects of care.
Conclusions-A reduced forced vital capacity is prevalent in patients with adult congenital heart disease; its severity relates to the complexity of the underlying heart defect, surgical history, and scoliosis. Moderate to severe impairment of lung function is an independent predictor of mortality in contemporary patients with adult congenital heart disease. 9
Effect of Valsartan on Systemic Right Ventricular Function: A Double-Blind, Randomized, Placebo-Controlled Pilot Trial
Summary-In patients with a right ventricle supporting the systemic circulation, the long-term sequelae include heart failure, which is associated with late morbidity and mortality. The present study, a randomized placebo-controlled trial in 88 patients with a systemic right ventricle and a 3.2-year follow-up, investigated whether valsartan had a beneficial effect on the primary end point of right ventricular ejection fraction determined with MRI. No effect of valsartan on systemic right ventricular function was found, although there was a larger increase in right ventricular volumes and mass in the placebo group than in the valsartan group. Other secondary end points, including exercise capacity and quality of life, showed no differences. In an explanatory analysis, it appeared that there was a favorable effect in symptomatic patients who used valsartan compared with those who used placebo. Because this is also the case in symptomatic patients with acquired left ventricular dysfunction, it is tempting to speculate that inhibition of the renin-angiotensin aldosterone system might benefit symptomatic patients with a systemic right ventricle as well.
Conclusions-There was no significant treatment effect of valsartan on right ventricular ejection fraction, exercise capacity, or quality of life. Valsartan was associated with a similar frequency of significant clinical events as placebo. Small but significant differences between valsartan and placebo were present for change in right ventricular volumes and mass. 10 
Cardiovascular Outcomes After the Arterial Switch Operation for D-Transposition of the Great Arteries
Summary-As the initial cohort of patients with arterial switch procedures for transposition of the great arteries reach their adult years, it is essential to characterize sequelae and longer-term outcomes to inform and guide screening and surveillance. We, therefore, conducted a retrospective cohort study on 400 patients with arterial switch surgery between 1983 and 1999. Excellent overall (96.7%) and arrhythmia-free (96.6%) survival was observed at 25 years of follow-up. Late fatalities were predominantly attributable to myocardial infarction or sudden death of presumed arrhythmic cause. The few acute coronary events occurred exclusively in infants aged <3.5 months. The most common cardiovascular sequelae were stenoses of the main pulmonary artery or its branches, pulmonary regurgitation, neoaortic stenosis and regurgitation, and coronary artery disease. Nearly one quarter of the patients required reintervention by 25 years of follow-up, whether surgical or percutaneous. Adverse cardiovascular events were predicted by a single right coronary artery and acute postoperative low cardiac output syndrome. Despite the prevalent postoperative sequelae and occasional adverse events, the mean left ventricular ejection fraction was 60.3% at the last follow-up, with 97.3% of patients having New York Heart Association class I symptoms. The peak oxygen uptake was 86.1% of predicted values. Chronotropic incompetence was nevertheless identified in more than one third of patients, perhaps reflecting sympathetic denervation.
These results compare favorably with the much higher arrhythmia burden, incidence of sudden death, and prevalence of systemic (right) ventricular dysfunction previously reported in patients with atrial switch (ie, Mustard or Senning) procedures.
Conclusions-Long-term and arrhythmia-free survival is excellent after arterial switch operation. Although sequelae include chronotropic incompetence and neoaortic, pulmonary, and coronary artery complications, most patients maintain normal systolic function and exercise capacity. 11
Aortic Root Dilatation in Adults with Surgically Repaired Tetralogy of Fallot: A Multicenter Cross-Sectional Study
Summary-The number of adults with repaired tetralogy of Fallot is increasing. Aortic root dilatation has been observed on longitudinal follow-up of patients with tetralogy of Fallot. Histological studies of aortas in patients with tetralogy of Fallot have reported striking similarities to the aortas of patients with Marfan syndrome. Despite the concern that patients with tetralogy of Fallot may harbor an aortopathy that can lead to aortic regurgitation, aortic aneurysms, and, potentially, aortic dissection, the scope of the problem remains uncertain. This multicenter study is the largest to assess the prevalence and predictors of aortic root dilatation in patients with tetralogy of Fallot. When an absolute threshold of 40 mm was used to define a dilated aortic root, a prevalence of 28.9% was observed. In multivariate analyses, the only independently associated factor was male sex.
In contrast, an observed-to-expected aortic root diameter ratio cutoff value >1.5 yielded a prevalence estimate of 6.6%. No independent predictor was identified. Our results demonstrate that predictors of aortic root dilatation depend on the definition used to describe aortic root dilatation. Specifically, duration of systemic-to-pulmonary shunt, pulmonary atresia, right aortic arch, aortic regurgitation, and ventricular dimensions are not associated with aortic root dilatation. Aortopathy in tetralogy of Fallot, with aortic dilatation and moderate or severe aortic regurgitation, appears to be a less common issue than previous estimates derived from smaller studies would suggest. The paucity of documented adverse events and the results of this study should provide some reassurance regarding aortic root outcomes in tetralogy of Fallot.
Conclusions-Although nearly one third of adults with repaired tetralogy of Fallot have an aortic root diameter ≥40 mm, the prevalence of a dilated aortic root, when defined by an indexed ratio of observed-to-expected values, is low. Similarly, moderate or severe aortic regurgitation is uncommon. 12
Mortality and Sudden Death in Pediatric Left Ventricular Noncompaction in a Tertiary Referral Center
Summary-Left ventricular noncompaction is a cardiomyopathy characterized by excessive trabeculation of the left ventricle, progressive myocardial dysfunction, and early mortality. There remains great interest in characterizing the natural history of this disease to help guide counseling and management of what is known to be a heterogeneous patient population. Current understanding of the natural history of left ventricular noncompaction is restricted to several case series and small studies. Although arrhythmias and sudden death have been reported, our understanding of mortality profiles in left ventricular noncompaction remains limited. This retrospective review of all children diagnosed with isolated left ventricular noncompaction at a single tertiary referral center provides the largest analysis to date, examining the mortality profiles and the incidence of arrhythmias and sudden cardiac death in this patient population.
Conclusions-Left ventricular noncompaction has a high mortality rate and is strongly associated with arrhythmias in children.
Preceding cardiac dysfunction or ventricular arrhythmias are associated with increased mortality. Children with normal cardiac dimensions and normal function are at low risk for sudden death. 13
Berlin Heart EXCOR Pediatric Ventricular Assist Device for Bridge to Heart Transplantation in US Children
Summary-The Berlin Heart EXCOR Pediatric ventricular assist device was recently approved by the Food and Drug Administration for bridge to heart transplantation in children. Although data from the Food and Drug Administration trial suggest that 90% of children can be bridged to transplantation with the EXCOR, with a stroke risk of 29%, the primary Food and Drug Administration cohort captured only one fourth of all US children implanted with the EXCOR during the 3-year study period. In this study, we examined EXCOR outcomes in all 204 children implanted during the study period. Overall survival in this unselected cohort was lower at 75%, and the risk of neurological dysfunction was similar at 29%. Children were more likely to die on EXCOR support if they had significant renal or hepatic impairment at implantation or right ventricular failure requiring biventricular assist device support. In addition, children weighing <5 kg fared significantly worse, a finding that merits further study. These findings demonstrate that EXCOR survival varies considerably and depends heavily on patient characteristics at implantation, underscoring the need to pay careful attention to patient selection practices. Specifically, waiting too long to implant a device so that renal, hepatic, or right ventricular function has significantly deteriorated sharply increases the risk of death on EXCOR support, and implanting too early may also escalate mortality by exposing children
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unnecessarily to the risks of ventricular assist device support such as stroke, which was the leading cause of death. It is encouraging to note that even within the short 3-year time frame of this study, pediatric centers that have refined their patient characteristics over time are observing significantly lower patient mortality.
Conclusions-Use of the Berlin Heart EXCOR has risen dramatically over the past decade. The EXCOR has emerged as a new treatment standard in the United States for pediatric bridge to transplantation. Three-quarters of children survived to transplantation or recovery; an important fraction experienced neurological dysfunction. Smaller patient size, renal dysfunction, hepatic dysfunction, and biventricular assist device use were associated with mortality, whereas extracorporeal membrane oxygenation before implantation and congenital heart disease were not. 14
Multicenter Study Comparing Shunt Type in the Norwood Procedure for Single-Ventricle Lesions: Three-Dimensional Echocardiographic Analysis
Summary-The potential usefulness of 3-dimensional echocardiography for longitudinal evaluation of the systemic right ventricle was evaluated in a randomized study of infants with single right ventricular anomalies undergoing a Norwood procedure. Longitudinal evaluation was performed pre-Norwood, post-Norwood, pre-stage II, and at 14 months. Adequate images for quantitative analysis could be obtained in 75% of echocardiograms. Important findings included an increase in body surface area-adjusted right ventricular volume post-Norwood that decreased after a stage II procedure, reflecting the anticipated response to changes in cardiac output and pulmonary blood flow. Ejection fraction was unchanged after Norwood and fell slightly but progressively at each of the subsequent 2 evaluations. Severity of tricuspid regurgitation increased after Norwood but did not improve with the fall in right ventricular volume after stage II. No statistically significant differences were found between groups managed with modified Blalock-Taussig or right ventricle-to-pulmonary artery shunt. This experience demonstrates the feasibility of quantitative 3-dimensional echocardiographic evaluation of the single right ventricular heart in a large cohort of infants and young children as well as the pattern of evolution of right ventricular size and function and severity of tricuspid regurgitation before the Fontan procedure. Important limitations of the technique that were identified include failure to obtain adequate images in 25% of samples, the importance of prior experience in this imaging modality to obtaining adequate images, and a higher success rate in younger patients.
Conclusions-
We found no statistically significant differences between study groups in 3-dimensional echocardiography measures of RV size and function, or magnitude of tricuspid regurgitation. Volume unloading was seen after stage II, as expected, but ejection fraction did not improve. This study provides insights into the remodeling of the operated univentricular RV in infancy. 15
Accuracy of Conventional Oximetry for Flow Estimation in Patients With Superior Cavopulmonary Connection: A Comparison With Phase-Contrast Cardiac MRI
Summary-This research compares traditional oximetry-based methods for calculating pulmonary and systemic blood flows with phase-contrast MRI measurements in the population of single ventricle patients palliated with superior cavopulmonary connection. We found that oximetry significantly underestimates pulmonary blood flow, especially in patients with a greater burden of systemicto-pulmonary arterial collaterals. This, in turn, leads to inaccurate calculation of pulmonary vascular resistance. Oximetry also produces a systematic overestimate of systemic blood flow and a Q p :Q s ratio that does not correlate with that measured by MRI. Clinically, the implication is that oximetry, while still widely used, may yield information that inaccurately describes the true physiology of this patient population. Supplementing traditional hemodynamic catheterization with flow measurements by MRI will likely provide a better assessment of the superior cavopulmonary circuit, both for diagnosing suspected physiological derangements and for assessing patient candidacy for Fontan completion.
Conclusions-Fick-derived estimates of flow are inherently unreliable in patients with superior cavopulmonary connections. Integrating flows measured by CMR and pressures measured by catheter will provide the best characterization of superior cavopulmonary connection physiology. 16
Pediatric Heart Transplantation From Donors With Depressed Ventricular Function: An Analysis of the United Network of Organ Sharing Database
Summary-The mortality rate remains high among children waiting for heart transplantation. However, many potential donor hearts are not accepted, some secondary to ventricular dysfunction. This study evaluated the outcomes of pediatric heart transplants that were accepted from donors with normal and depressed left ventricular function. Overall, <15% of transplants from 1999 to 2011 were performed from donors with depressed ventricular function. Of 3306 pediatric heart transplants, 245 (7%) donor hearts were accepted with mildly depressed function and 172 (5%) were accepted with moderately-to-severely depressed function. However, the graft survival of hearts accepted from donors with depressed ventricular function was similar to those with normal function. A propensitymatched analysis had similar findings. During the same time period, >1400 pediatric donors with depressed ventricular function were not transplanted. Potentially even a small increase in the use of donors with depressed ventricular function could have an important effect on wait-list morality without a significant detriment to posttransplant outcomes.
Conclusions-The use of donors with depressed ventricular function is uncommon in pediatric heart transplantation (<15% of all transplants), yet graft survival does not differ significantly from accepted donors with normal ventricular function. Hearts from donors with depressed ventricular function may be considered in selected patients. 17
Spectrum of Aortic Valve Abnormalities Associated With Aortic Dilation Across Age Groups in Turner Syndrome
Summary-High-quality research into the natural history of Turner syndrome has led to our current era, in which individuals can be screened for common issues associated with Turner syndrome and treatments are available to increase both longevity and quality of life. Despite these advances, women with Turner syndrome are still at risk for life-threatening cardiac complications, most notably ascending aortic dilation and subsequent dissection and rupture. Our research into this area indicates that ascending aortic dilation is independent of e420 Circulation April 1, 2014 traditional risk factors such as blood pressure, valve stenosis, height, weight, and age in women with Turner syndrome. Instead, we found that ascending aortic dilation and risk for aortic rupture correlate with degree of aortic valve fusion/dysmorphology. The more dysmorphic the aortic valve is, the higher the individual's indexed ascending aortic diameter is. Echocardiography can have limitations in this population in the evaluation of aortic valve morphology because of chest shape, so cardiac MRI may be warranted to screen the aortic valve. Accurate valve imaging in the Turner syndrome population may help identify those with a higher likelihood of ascending aortic dilation as they age.
Conclusions-Aortic valve abnormalities in Turner syndrome occur with a spectrum of severity and are associated with aortic root dilation across age groups. Partial fusion of the aortic valve, traditionally regarded as an acquired valve problem, had an equal age distribution and was associated with an increased ascending aortic diameters. 18
Poorer Right Ventricular Systolic Function and Exercise Capacity in Women After Repair of Tetralogy of Fallot: A Sex Comparison of Standard Deviation Scores Based on Sex-Specific Reference Values in Healthy Control Subjects
Summary-Our specific findings in this study were relevant sex differences of cardiopulmonary function in repaired tetralogy of Fallot (r-ToF), independently of type and result of repair. The young study cohort, with almost identical preoperative and postoperative characteristics for both sexes, showed significant poorer results for girls, relating to age-and sex-matched healthy references, compared with boys. This suggests that female patients with r-ToF are at greater risk for cardiac failure, which seems to be supported by functional data of adults; however, data on sex issues in r-ToF are sparse. Our findings may initiate reconsideration of current guidelines in r-ToF, concerning recommendations for pulmonary valve replacement, as well as in other congenital heart defects for which guidelines do not yet systematically reflect sex aspects, in addition to encouraging basic research on role of sex in congenital heart disease.
Conclusions-Relative to their respective sex-specific healthy control subjects, derived standard deviation scores in repaired tetralogy of Fallot suggest that women perform poorer than men in terms of right ventricular systolic function as tested by cardiac magnetic resonance and exercise capacity. This effect cannot be explained by selection bias. Further outcome data are required from longitudinal cohort studies. 19
Natural Cardiogenesis-Based Template Predicts Cardiogenic Potential of Induced Pluripotent Stem Cell Lines
Summary-Embryonic stem cells and bioengineered induced pluripotent stem cells offer great opportunities for the generation of large amounts of cardiomyocytes for drug discovery, therapeutic application, or diagnostic application. However, stem cell-based cardiogenesis is a complex process including great variability in differentiation potential observed between lines. To address these issues, we report a roadmap of natural cardiogenesis comprising the time course of gene expression profiles characterizing natural heart development from early embryos to the adult heart. This is subsequently used as a guideline to validate stem cell-based differentiation protocols, demonstrating that pluripotent cells recapitulate natural developmental stages as they differentiate toward cardiomyocytes. Leveraging this new platform, we address the variable cardiogenic potential of induced pluripotent stem cell lines by comparing highly and poorly cardiogenic samples at various levels of differentiation to the roadmap of natural cardiogenesis. Through this analysis, we identify genes that are uniquely regulated in low cardiogenic samples and compile them in an index that allows us to predict and select lines with a higher potential for cardiac differentiation. Overall, this comprehensive model of embryonic heart development serves as standard to probe stem cell-based cardiac differentiation, bringing us one step closer to reproducible manufacturing of bona fide cardiomyocytes to be used for clinical and diagnostic endeavors.
Conclusions-Transcriptome analysis attuned to natural embryonic cardiogenesis provides a robust platform to probe coordinated cardiac specification and maturation from bioengineered stem cell-based model systems. A panel of developmental-related genes allowed differential prognosis of cardiogenic competency, thus prioritizing cell lines according to natural blueprint to streamline functional applications. 20
Characterization of Anatomic Ventricular Tachycardia Isthmus Pathology After Surgical Repair of Tetralogy of Fallot
Summary-Anatomic ventricular tachycardia isthmuses in the postoperative setting of tetralogy of Fallot demonstrate region-specific morphological characteristics. The isthmus between the ventriculotomy incision and the tricuspid annulus is of the greatest size, and it may therefore be difficult to achieve complete conduction block with catheter ablation across this region. The nearby isthmus between the ventriculotomy incision and the ventricular septal defect patch is both of shorter length and of lesser wall thickness and can therefore be targeted in lieu of the aforementioned isthmus if necessary. This is because with frequent absence of intact myocardium between the ventricular septal defect patch and the tricuspid annulus after surgical repair, conduction block through this alternate isthmus achieves the same electrophysiological goal. The remaining isthmuses are generally favorable for catheter ablation, but of these, only the isthmus between the pulmonary valve and the ventricular septal defect patch is commonly found. Knowledge of these characteristics may facilitate successful therapy in patients with tetralogy of Fallot and recurrent monomorphic ventricular tachycardia by allowing the operator to target sites that are most favorable for catheter ablation. In addition, histological examination of these isthmuses provides compelling evidence that myocardial tissue disruption with interstitial and replacement fibrosis after surgery serves as the important substrate for re-entry.
Conclusions-Consistencies in isthmus dimensions and histology are found among patients with repaired tetralogy of Fallot. Isthmus 1A is associated with the largest morphological dimensions, whereas the nearby newly described isthmus 1B is significantly smaller. Of isthmuses with the smallest dimensions, isthmus 3 is the most common. 21
Effect of Copy Number Variants on Outcomes for Infants With Single Ventricle Heart Defects
Summary-Carey et al examined the prevalence and role of copy number variants (CNVs), which are gains or losses of DNA, in children with single ventricle forms of congenital heart disease, principally hypoplastic left heart. They observed that 10% more of those children have rare CNVs of ≥300 kb compared with controls.
Among those harboring such CNVs, linear growth was worse than among children with similar heart defects but without such CNVs. More importantly, ≈6% of children with single ventricle forms of congenital heart disease harbored CNVs that have previously been associated with genomic disorders. Such CNVs are frequently associated with intellectual and developmental delays and psychiatric illness and were deemed abnormal if detected through testing by a clinical laboratory. Indeed, the children in this study harboring those CNVs had poorer neurocognitive and growth outcomes at 14 months. Strikingly, examination of such children in this study by a clinical geneticist infrequently identified them as having abnormal features. Thus, clinical testing would have been the only method for detecting their genomic abnormality. These findings raise the possibility that testing of newborns with single ventricle forms of congenital heart disease for CNVs may enable earlier detection of those at highest risk for poor neurocognitive development who could then be targeted for early intervention programs.
Conclusions-Pathogenic CNVs seem to contribute to the cause of single ventricle forms of CHD in ≥10% of cases and are clinically subtle but adversely affect outcomes in children harboring them. 22
Risk of Coronary Artery Compression Among Patients Referred for Transcatheter Pulmonary Valve Implantation: A Multicenter Experience
Summary-Transcatheter pulmonary valve replacement with the Melody valve is safe and of probable benefit as an alternative to repeat surgical replacement in patients with dysfunctional right ventricular outflow tract (RVOT) conduits. Coronary artery compression during RVOT conduit dilation or stenting is a well-described risk of these procedures. This article describes the prevalence of coronary artery abnormalities in patients undergoing evaluation for Melody valve implantation. This article is the first to describe the incidence and risk factors for coronary artery compression in patients undergoing evaluation for Melody valve placement. This article describes the techniques necessary for safe and accurate preimplantation coronary artery compression testing.
Conclusions-CA compression following TPV implantation can be catastrophic. CA compression was observed in 5% of patients during test balloon angioplasty. No patients in this study developed clinically apparent CA compression after TPV implantation. CA compression was significantly associated with the presence of abnormal CA anatomy, especially in patients with tetralogy of Fallot or transposition of the great arteries. Preimplantation coronary angiography with simultaneous test angioplasty is an important step to evaluate for the presence of CA compression during TPV implantation. 23
Identification of Nodal Tissue in the Living Heart Using Rapid Scanning Fiber-Optics Confocal Microscopy and Extracellular Fluorophores
Summary-Open heart reconstructive surgery is the state-ofthe-art approach to repair congenital heart defects in neonates.
Complications of these surgeries are trauma to the sinoatrial and atrioventricular node. Patients with persistent complications after surgery require cardiac rhythm management using implantable pacemakers. The need for implantation of permanent pacemakers after these surgeries ranges from 1% to 45%. A cause for these complications is that nodal tissues are not visible using surgical loupes or microscopes. Nodal tissues are commonly identified from anatomic landmarks. However, identification in hearts with congenital defects can be hindered by individual anatomic variations. In this study, we introduce an approach for identification of cardiac tissue in cardioplegic hearts based on fiber-optics confocal microscopy and fluorescent labeling. A particular clinical application is in pediatric reconstructive heart surgery. Our investigations on cardiac tissues in a rodent model and human autopsy hearts indicate that surgeons can apply the developed approach to map locations of nodal tissues. An important application of fiber-optics confocal microscopy is the repair of defects in proximity to nodal regions. Further development of the presented approach may help to reduce the incidence of complications caused by injury of nodal tissues.
Conclusions-
The study demonstrates feasibility of identifying nodal tissue in living heart using extracellular fluorophores and fiber-optics confocal microscopy. Application of the approach in pediatric reconstructive heart surgery may reduce risks of injuring nodal tissues. 24
Outcomes After Primary Transcatheter Therapy in Infants and Young Children With Severe Bilateral Peripheral Pulmonary Artery Stenosis
Summary-Infants and young children with severe isolated peripheral pulmonary stenosis are at risk for right ventricular hypertrophy and sudden cardiac death. Angioplasty and stent placement acutely reduce right ventricular pressures in this population. This study reviews the long-term cardiovascular outcomes of 69 consecutive children who underwent transcatheter therapy for severe peripheral pulmonary stenosis. At long-term follow-up, most patients were asymptomatic, with median right ventricular pressure of approximately half-systemic.
Conclusions-Transcatheter therapy for infants with severe peripheral pulmonary stenosis has become safer, regardless of genetic condition. Coupled with reintervention and surgical relief in selected cases, RV:aortic pressure ratios decrease substantially and most patients are asymptomatic at late follow-up. 25
Percutaneous Steerable Robotic Tool Delivery Platform and Metal Microelectromechanical Systems Device for Tissue Manipulation and Approximation: Closure of Patent Foramen Ovale in an Animal Model
Summary-Currently available robotic catheters are not designed to perform tissue reconstructive procedures inside the beating heart. Most of the currently available devices for catheter-based closure of patent foramen ovale are large frame-based septal occluders and devices that are inserted inside the patent foramen ovale channel. The availability of fully functional millimeter-scale tools that can be used to perform image-guided beating-heart intracardiac reconstructive procedures and can be deployed at the tips of catheters is currently limited. To address these limitations, this article introduces a catheter-like robotic tool delivery platform composed of curved metal tubes that is substantially stiffer than standard catheters and is also steerable along its entire length. A tissue approximation device is also described that mimics surgical closure of patent foramen ovale and provides minimal exposure of foreign material on the left side of the heart with the ability to adjust the force to avoid excessive tissue compression.
Conclusions-In contrast to existing robotic catheter technologies, the robotic tool delivery platform uses a combination of stiffness and active steerability along its length to provide the positioning accuracy and force-application capability necessary for tissue manipulation. In combination with a microelectromechanical systems tool technology, it can enable reconstructive procedures inside the beating heart. 26
Association Between C677T Polymorphism of Methylene Tetrahydrofolate Reductase and Congenital Heart Disease: Meta-Analysis of 7697 Cases and 13 125 Controls
Summary-The relationship between plasma folate and congenital heart disease (CHD) is contentious. Folate supplementation in the periconceptual period markedly reduces the incidence of neural tube defects, so randomized trials to test the effect of supplementation on CHD risk are ethically precluded. Folate fortification of cereals is the most effective mechanism to increase plasma folate in populations. Because CHD is significantly more common than neural tube defect, demonstration of an effect of folate on CHD risk would be of population health importance and could potentially inform decisions about recommended levels of folate supplementation or fortification. However, prospective observational studies to test the relationship between plasma folate and CHD would be prohibitively expensive (given CHD affects only ≈0.7% of live births) and likely to be confounded by discretionary maternal folate intake. We have, therefore, taken a genetic approach to this question. We investigated the relationship between the C677T polymorphism in the methylene tetrahydrofolate reductase (MTHFR) gene, which directly acts to reduce plasma levels of folate, and CHD risk in a large meta-analysis. We find no relationship between genotype and CHD risk in large studies from areas of the world where folate levels are low, medium, or high. Our work suggests that the prevention of neural tube defects remains the principal rationale for folate fortification because our genetic approach did not show any effect on CHD risk associated with the differences in folate level caused by MTHFR C677T genotype.
Conclusions-The MTHFR C677T polymorphism, which directly influences plasma folate levels, is not associated with CHD risk. Publication biases appear to substantially contaminate the literature with regard to this genetic association. 27
Risk Stratification and Transplant Benefit in Children Listed for Heart Transplant in the United States
Summary-The sickest children among those listed for heart transplant (HT) are also at a higher risk of post-transplant mortality.
Although it may be assumed that the sicker child waiting for HT is more likely to benefit from transplant, the actual relationship between heart failure severity and transplant benefit is unknown. We defined transplant benefit as percentage reduction in risk of 1-year mortality on receiving HT and analyzed all 2979 children aged <18 years listed for first HT in the United States between July 2004 and December 2010. We stratified study children into 10 groups (deciles) based on increasing risk of death or becoming too sick to transplant within 90 days of listing. The groups were followed up for 1 year to assess cumulative 1-year wait-list mortality. We estimated the risk of 1-year post-transplant mortality (or graft loss) on receiving HT close to listing in each of the 10 risk groups. Overall, 18% of listed children died or became too sick to transplant within 1 year. Of 2034 children who received HT, 10.8% died within 1 year. The risk of 90-day wait-list mortality increased from 2.4% to 51.6% from the first to the tenth risk group. Transplant benefit increased progressively among the 10 risk groups. However, transplant benefit for children in the top 5% of risk was lower than estimated benefit for children in the 91st to 95th percentile of risk. We conclude that the sicker children on the wait-list benefit more from HT unless the post-transplant mortality is predicted to be very high.
Conclusions-Sicker children on the wait-list benefit more from HT unless the post-transplant mortality is predicted to be very high. Whether consideration of transplant benefit in allocation policy can improve overall survival among listed children requires further analysis 28
Microcomputed Tomography Provides High Accuracy Congenital Heart Disease Diagnosis in Neonatal and Fetal Mice
Summary-Congenital heart disease (CHD) is one of the most common human birth defects and yet it remains poorly understood. In the postgenomic era, high-throughput systems genetics with large-scale mutagenesis screens in mice is emerging as an attractive experimental strategy to investigate the genetic etiopathology of CHD. Mice are well suited for such studies because they have the same 4-chamber cardiovascular anatomy that is the major substrate of CHD. From microcomputed tomographic (micro-CT) scanning >2000 fetal/newborn mice, we showed contrast-enhanced micro-CT can be used for CHD diagnosis. Using necropsy and histopathology examinations as the gold standard to confirm the micro-CT-generated CHD diagnoses, we showed micro-CT imaging has high accuracy in the detection of a wide spectrum of CHD. This includes outflow tract defects, aortic arch anomalies, atrioventricular septal defects, tricuspid valve hypoplasia/atresia, and coronary artery fistulas. Although ventricular septal defects also can be detected, small ventricular septal defects may be missed. We found outflow tract anomalies comprising persistent truncus arteriosus, double outlet right ventricle, and transposition of the great arteries can be readily differentiated by micro-CT imaging. The overall diagnostic sensitivity was >85% for all of the anomalies analyzed, except for coronary artery fistulas. These findings show micro-CT is a robust imaging technique that can be used for rapid assessments of structural heart defects in fetal and newborn mice. This can be invaluable for routine interrogation for CHD in mutant mouse models and in high-throughput screens for the de novo recovery of CHD mouse mutants.
Conclusions-Contrast enhanced micro-CT imaging in neonatal/ fetal mice can reliably detect a wide spectrum of CHD. We conclude that micro-CT imaging can be used for routine rapid assessments of structural heart defects in fetal/newborn mice. 29
Echocardiographic Features Defining Right Dominant Unbalanced Atrioventricular Septal Defect: A Multi-institutional Congenital Heart Surgeons' Society Study
Summary-Definition of unbalanced atrioventricular septal defect and decision-making for surgical strategy are important yet unsolved problems in the field of pediatric cardiology and cardiothoracic surgery. Such as patients with other forms of left ventricular hypoplasia (ie, critical aortic stenosis, arch hypoplasia), assessment of left ventricle adequacy is very challenging in these patients, even more so because they have inherently abnormal atrioventricular valves and elongated left ventricular outflow tracts. The definition of unbalance is complicated by the fact that it can occur in the presence of what seems to be an adequate-sized left ventricle. Concerning surgical strategy, patients who undergo single ventricle palliation for unbalanced atrioventricular septal defect develop new risk factors for poor outcome, including Blalock-Taussig shunt occlusion. Moreover, the fragile physiology associated with the Norwood procedure results in a high number of deaths. Patients who undergo biventricular repair may fail for various reasons, including left ventricle inadequacy, left atrioventricular valve stenosis, or left atrioventricular valve regurgitation. Conversion to single ventricle palliation once biventricular repair has been performed is also associated with high mortality. Thus, we have tried to establish echocardiographic features that can help distinguish patients who may be at too high risk to attempt biventricular repair. This multi-institutional study from the Congenital Heart Surgeon's Society involved an in-depth analysis of echocardiograms in a cohort of patients with atrioventricular septal defect and found an important data-derived discriminator that has not been previously reported. It is anticipated that the clinical significance of this finding will be elucidated in the planned prospective study.
Conclusions-The angle of right ventricle/LV inflow and other surrogates of inflow may be important defining echocardiographic measures of right dominant unbalanced AVSD, although confirmation is needed. 30 
